Prevalence and Incidence
The prevalence of PSP has been reported in a number of studies along with PD or other parkinsonian syndromes. [11] [12] [13] However, only a few epidemiological studies have specifically addressed the prevalence of PSP alone or its incidence. In 1988, Golbe et al 14 assessed the crude prevalence of PSP in the general population in New Jersey and reported a rare occurrence of 1.39 cases per 100,000 people. A study conducted in Olmsted County, Minn, between the years of 1976 and 1990 showed an average annual incidence rate (new cases per 100,000 person-years) of 5.3. 15 All cases were reported between the ages of 50 to 99 years; there were no cases before 50 years of age. More recent estimates from the United Kingdom have revealed that the disease is more common than previously considered, with a crude prevalence of 6.5 cases per 100,000 people. 3, 10 The studies used detailed methods for case identification to ensure a reliable prevalence estimate and showed that the true incidence of PSP may be masked by misdiagnosed cases. Moreover, Nath et al 10 found that the majority of the patients are initially referred to non-neurologists who are not familiar with the disease, which makes an accurate diagnosis less probable.
The mean age of onset of the disease is between 60 and 65 years. 5 Although there have been reports of a predominance of men with the disease, 9,15,16 recent publications state that both sexes are equally affected. 5, 17 The average survival time is 7 years; however, there have been reports of neuropathologically confirmed cases of individuals with the disease who survived up to 11 years 18 or 16 years. 1 Patients usually die from complications of the disease, and the most common cause of death is pneumonia. 1, 14 
Etiology
The etiology of PSP is unknown. Pathologically, the disease is characterized by neurodegeneration, gliosis, and abnormal accumulation of tau protein in the basal ganglia, brain stem, prefrontal cortex, and cerebellum. 1, 9, 19 In people who are healthy, the tau protein occurs normally and its function is to stabilize the cytoskeleton of neurons. 5 In PSP, this protein becomes resistant to proteolysis and is partially crystallized, forming abnormal deposits of tangled fibers, which are called neurofibrillary tangles. 5 Other diseases also present aggregates of tau protein and are called tauopathies. These diseases include corticobasal degeneration, Pick disease, frontotemporal dementia with parkinsonism associated with chromosome 17 abnormalities (FTDP-17), and Alzheimer disease. 20, 21 The degree to which these pathologies share the same pathophysiological mechanisms with PSP is not known. To date, researchers have found that tau filaments differ among the these pathologies in terms of morphology and tau isoform content. 20 -22 Regardless of the primary cause of the disease, research has shown that the occurrence of neurofibrillary tangles is related to 2 cellular events: mitochondrial dysfunction and oxidative stress. Albers and Augood 23 recently postulated on how these 2 events contribute to generate a cycle of destruction in neurons. The mitochondria are the key intracellular structures controlling the production of free radicals; therefore, when their function is impaired, the levels of intracellular free radicals increase, causing additional damage to mitochondrial proteins, lipids, and DNA, which leads to further mitochondrial dysfunction. The interaction between the oxidative damage and the energy depletion inside the neuronal cell leads to a depolymerization of microtubules and hyperphosphorylation of the tau protein, which gives origin to the neurofibrillary tangles, resulting in cellular death. Although the specific cause of mitochondrial dysfunction and oxidative stress is not clear, there is evidence of a contribution of both environmental and genetic factors.
Supporting evidence of the environmental cause relies on a link between the consumption of tropical fruits and tea and an abnormally high frequency of PSP cases in Guadeloupe (French West Indies). 24, 25 Between 1996 and 1998, Caparros-Lefebvre and Elbaz 24 examined 87 consecutive patients with parkinsonism who were referred to the single neurological department of this island. Thirty-one of the patients were found to have PSP, 30 patients had atypical parkinsonism, 22 patients had PD, and 4 patients had motor neuron disease. Interestingly, the groups with the highest incidencethe patients with PSP and those with atypical parkinsonism-were found to consume significantly more exotic fruit and herbal tea than the patients with PD, the patients with motor neuron disease, or a group of control subjects. In a subsequent publication, which included the examination of new cases and the reassessment of the atypical cases from the previous study, more patients were classified as having PSP, adding up to one third of 220 cases. 25 Similar findings of a link between toxic plants and parkinsonism also have been found in New Caledonia, a French South Pacific island, 26 and in communities of Afro-Caribbean and Indian immigrants in England. 27 The neurodegenerative effects of these exotic plants has been shown by experimental studies and animal models. The plants are of the Annonaceae family, in particular Annona muricata, and contain substances (ie, quinolines, acetogenins, and rotenoids) that have been found to be neurotoxic. When cultures of mesencephalic dopaminergic neurons prepared from the midbrain of rat embryos were exposed to quinolines contained in the root of A. muricata, a degeneration of 50% of the neurons was observed after a period of 24 hours. 28 According to the authors, the neurotoxicity of quinolines comes from an inhibition of the mitochondrial function, leading to neuronal death by adenosine triphosphate depletion. Acetogenins also have been shown to cause neuronal degeneration in cultures of dopaminergic cells by the same mitochondrial inhibitory process. 29 Chronic administration of quinolines to squirrel monkeys for up to 104 days produced motor symptoms similar to parkinsonism. 30 In humans, the particular devastating effects of one of the substances, the rotenoids, has been described in a group of 3 young drug addicts who self-administered this substance under the impression it was heroin and developed parkinsonian-like symptoms. A postmortem examination of the cases showed depletion of dopaminergic neurons and extensive gliosis in the substantia nigra. 31 Evidence supporting a genetic cause of PSP also has been found. Several authors 32-36 have described the occurrence of familial postmortem confirmed cases.
Alterations of the tau gene associated with PSP have been described in a number of publications. [37] [38] [39] [40] More recently, investigators 41, 42 have found that mitochondrial genetic alterations also may play a role in the pathogenesis of PSP.
Clinical Features and Diagnosis
Typically, the clinical picture of PSP is characterized by early postural instability with recurrent falls, vertical gaze palsy, pseudobulbar palsy with speech and swallowing problems, bradykinesia, axial rigidity, and subcortical dementia. 1, 4, 8 The gait is clumsy, slow, and unsteady, resembling a "drunken sailor." 5 With the progression of the disease, walking is no longer independent, and after 5 years, on average, patients are unable to stand unassisted, requiring the use of a wheelchair. 43 Slowness of vertical saccades is one of main diagnostic criteria for PSP. 4 However, it typically develops 3 years after onset of other supporting symptoms, which makes the diagnosis uncertain in early stages of the disease. 4 The first manifestation of slowing of vertical saccades may be difficulty reading or seeing food on a plate. 14 Other eye-movement impairments commonly observed are apraxia of lid opening or closing (difficulty or slowness with voluntarily opening or closing the eyes), blepharospasm (involuntary closure of the eye caused by spasms of the orbicularis oculi), and decreased blinking frequency. The combination of oculomotor abnormalities and facial dystonia, with overactivity of the frontalis, gives the patient a characteristic "staring face." 4 The diagnosis of PSP is exclusively clinical; laboratory tests and imaging exams cannot detect the disease, but help rule out other pathologies. 4, 5 In 1995, the National Institute of Neurological Disorders and Stroke (NINDS) and the Society for Progressive Supranuclear Palsy (SPSP) established the most currently accepted criteria for the diagnosis of PSP. 1 In 2003, these criteria were redefined, and patients can be classified as having possible, probable, or definite PSP. 44 Vertical gaze palsy and postural instability with falls are key symptoms in this classification. The Table shows the clinical inclusion and exclusion diagnostic criteria by the modified NINDS-SPSP consensus. 44 As shown in the Table, a definite diagnosis can only be confirmed with postmortem examination, where the clinical presentation has to match specific neuropathologic findings.
Despite the existence of diagnostic criteria, the diagnosis of PSP remains challenging, especially in the early stages of the disease. Misdiagnosis of PSP as PD is common. On a survey done with 437 patients recruited through the SPSP, Santacruz et al 45 found that one third of the cases had been previously diagnosed as PD. Recent epidemiological studies 3,10 also have revealed a number of mis- For the practicing clinician, several clinical features should raise the suspicion of PSP and help differentiate PSP from PD:
• Failure to respond to antiparkinsonian medications such as levodopa • Vertical gaze palsy • Recurrent falls in a backward direction • Bulbar signs (difficulty with speech, swallowing) However, physical therapists should be aware that there are heterogeneous manifestations of symptoms in people with PSP. Although it is not common, there have been reports of atypical cases with postmortem confirmation as definite PSP. The atypical features include tremor, 46,47 absence of eye gaze palsy, 48,49 pure akinesia without rigidity, 50 and asymmetric features. 49 The detection of PSP with laboratory or imaging exams is not a reality in clinical practice; however, some progress has been made in this area in recent years. Sagittal magnetic resonance imaging (MRI) comparisons among PSP, PD, and other parkinsonian syndromes have revealed some particular alterations that may help differentiate among these diseases. The most common patterns of abnormalities are found to be atrophy of the midbrain area, also described as the "hummingbird" sign, 51 increase of the third ventricle area, 52,53 and atrophy of the superior cerebellar peduncle. 54,55 However, a general limitation of MRI exams is that such alterations are detectable only in advanced stages of the disease, and they do not address the problem of early misdiagnosis.
Physical therapists play an important role in helping patients receive the correct diagnosis for the disease. It is important that PSP be diagnosed correctly as early as possible to allow patients and family members to prepare accordingly for the quickly progressive course of the symptoms. Considering that many patients referred for rehabilitation services may be potentially misdiagnosed, it is important that "suspicious cases" be referred back to a movement disorder specialist for a second opinion.
The dominant clinical problems of a suspicious case are severe postural instability with frequent falls and vertical Table. National
Neuropathologic Criteria
• High density of neurofibrillary tangles and neuropil threads in at least 3 of the following areas: pallidum, subthalamic nucleus, substantia nigra, or pons • Low to high density of neurofibrillary tangles and neuropil threads in at least 3 of the following areas: striatum, oculomotor complex, medulla, or dentate nucleus gaze palsy. The falls usually happen unexpectedly and very often are in a backward direction. 6,7 Vertical gaze palsy may not be observable by the physical therapist until it is well developed, in which case the patient would simply not be able to look down. However, there are some signs that may indicate the development of a possible eye-movement palsy: (1) changes in the ability to see well, commonly presented as double vision, (2) difficulty reading (the patient would notice that the eyes cannot move down to the next line and the same line is read over and over again), and (3) difficulty guiding utensils to the mouth while eating. 56 In addition to the NINDS-SPSP consensual criteria, physical therapists should be aware of "red flags" that suggest a diagnosis other than PSP 1 such as: onset of symptoms earlier than age 40 years, aphasia, duration of more than 20 years, cortical dementia, cortical sensory or visual deficits, hallucinations or delusions not due to medications, fluctuating state of cognition and arousal, severe orthostatic hypotension, unilateral contractures, a response to levodopa, and levodopa-induced dyskinesias.
Rating Scales and Prognosis
Two rating scales have been proposed to assess the level of impairment of patients: the Unified Parkinson's Disease Rating Scale (UPDRS) and the Progressive Supranuclear Palsy Rating Scale (PSPRS). The UPDRS is the most commonly used rating scale, and although it was designed for patients with PD, the motor section of the scale has been shown to yield valid and reliable data for patients with PSP as well. 57 The rating scale for each item varies between 0 (no disability) and 4 (high level of disability), summing up to a maximum score of 56 points.
The PSPRS is a newer scale, designed by Lawrence I Golbe, MD, specifically to assess level of disability in people with PSP. 58 It evaluates aspects of the disease in the domains of health history, mentation, bulbar function, eye and lid movement, limb movement, and trunk movement. The total maximum score is 100, reflecting the highest level of impairment (Appendix).
The assessment of functional levels and staging of the symptoms in PSP may be particularly helpful to predict the prognosis of the disease. Santacruz et al 45 found that the early presence of falls, bradykinesia, and inability to move the eyes downward are negative factors in the survival time of patients. Nath et al 10 confirmed the relationship between survival time and the onset of early falls, and they also reported bulbar problems and diplopia as negative predictors. Another recent study 43 has shown that the impairment of gait is a key factor in the prognosis of PSP, as compared with other motor impairments such as speech difficulty and swallowing problems. This study involved a longitudinal assessment of clinical and videotape databases of 50 cases with probable diagnosis. The authors classified gait impairment at 3 different levels: loss of independent walking, inability to stand unassisted, or requiring a wheelchair. Their main finding was that 48% of the patients reached 1 of the 3 levels of impairment within 4 years of onset of the disease. Based on these results, they suggested that gait impairment be assessed as a means of verifying the effectiveness of new interventions.
Surgical Treatment and Medications
To date, there is no effective medication or surgical treatment to cure or delay the progression of the symptoms in PSP. Although palliative interventions may be used to alleviate major symptoms, no drug has been found to efficiently treat the origin of the problem. Palliative interventions include botulinum injections for blepharospasm or neck rigidity, glasses with prisms for visual disturbances, antidepressants and support therapy for depression, percutaneous endoscopic gastrostomy for swallowing problems, and speech therapy for dysarthria. 1, 5 Although some authors 59 have reported benefits of dopaminergic drugs in some cases, the great majority of researchers argue that, on a larger scale, patients are unresponsive to levodopa or any other neurotransmitterspecific therapies. 60 -62 As stated earlier in this update, responsiveness to parkinsonian medication has been used as a "red flag" against the diagnosis of PSP. 1 The reason behind the ineffectiveness of parkinsonian drugs for people with PSP is probably related to the widespread degenerative nature of the disease. 4,5 While PD affects the substantia nigra primarily, PSP affects many other nuclei. 1, 9, 19 Rehabilitation Patients with PSP usually seek or are referred for rehabilitation for balance and gait problems with frequent falls. 63 There are no reports in the literature of how often people with PSP are referred for rehabilitation. Nevertheless, the referrals and the demand for physical therapy certainly tend to increase with an increase in the awareness of the disease. Unfortunately, evidence-based approaches to rehabilitation in PSP are lacking, and the only research available consists of case reports involving 1 or 2 patients. [63] [64] [65] Below is a summary of these studies and a discussion on the research that still needs to be conducted in this field.
Izzo et al 65 were the first authors to address the rehabilitation of a patient with a neurological presentation indicative of PSP. Functionally, the patient was described as having moderate involvement in motor function. Cognitively, the authors reported mild dementia, slow processing of thought, memory function below normal, and mild impairment of judgment skills. The rehabilitation program included limb-coordination activities, tiltboard balancing, ambulation activities incorporating trunk flexion and rotation, and strategies to compensate for impaired visual scanning. No further information was provided regarding the exercises or the frequency and duration of the treatment sessions. At the end of the exercise program, improvements were observed in the patient's standing balance and ability to scan the environment. Fine coordination remained the same, and gait characteristics showed little improvement, although the patient reported feeling safer during ambulation.
A similar report by Sosner et al 64 described the rehabilitation of 2 patients. Like the previous case study, the diagnosis was based on clinical findings, and exams excluded other pathologies. Both patients showed moderate involvement in motor function. Cognitively, the first patient had mild memory impairment and slowness of thought. The second patient had no impairment in memory and thought processing, but impaired abstract thinking. Each patient followed an individualized rehabilitation program that involved strength training with progressive resistive exercises and isokinetic exercises, coordination exercises, gait training, transfer training to and from a bed and chair, and stretching of the neck muscles. In addition, the second patient was taught to compensate for downward gaze impairments by using head movements. As in the previous case study, 65 no exercise description or information on the frequency and duration of treatment sessions was provided. The only information provided regarding the outcomes of the study was that patients were able to achieve safe ambulation. No observations were made related to changes in balance, coordination, strength, or transferring abilities after the exercise program.
The case studies described above are important because they represent the experiences of clinical practitioners in the management of PSP. Although the results cannot be generalized across all patients with PSP, because these are case reports, the authors' observations raise questions that can guide future research concerning the effectiveness of balance and gait training programs to manage PSP. Still, many limitations can be found in these reports: (1) no rating scales were used to initially classify the patients, which makes it difficult to compare them with other patients in the clinical setting or in other studies, (2) the exercise program was not thoroughly described, which limits the replication of their approach, and (3) the assessment of many outcomes was not quantified, which can be biased by the observer, and may not allow small changes to be identified. 74 have shown that down saccades are not generated as often during obstacle stepover in community-dwelling elderly people at a high risk for falls and fall-related injuries compared with elderly people at low risk for falls and fall-related injuries.
In the case of PSP, the input provided by vision is limited because patients have difficulty executing down saccades. As a consequence, they may lack appropriate anticipatory reactions to the environment, and they may be more susceptible to falls and accidents while walking. Although clinical practice shows that gaze limitations play a role in the balance and gait deficits in PSP, no studies have been conducted to investigate this relationship. Thus, it would be appropriate to ask whether rehabilitation for PSP should involve "eye-movement training" in addition to balance and gait training.
As described earlier in this update, Izzo et al 65 and Sosner et al 64 have incorporated strategies in their rehabilitation program to overcome gaze limitation problems by teaching patients to scan the environment where they walk 65 or to move the head while maintaining the eyes fixated on the floor. 64 Unfortunately, the success of such strategies and the extent to which they contributed to the improvement in the patients' balance and gait were not discussed by the authors.
Recent work suggests that people with PSP have difficulty inhibiting visual reflexes that may interfere with gaze control or compound vertical gaze palsy. 75 It is theoretically plausible that eye-movement exercise may improve the ability to suppress fixation and allow some degree of gaze shift to occur. Preliminary evidence indicates that a rehabilitation program emphasizing eye-movement exercise might increase eye range of motion and improve visual attention in some people with PSP. 76 More research, however, is necessary to investigate the benefits of gaze-oriented interventions for PSP.
Summary
Progressive supranuclear palsy is a parkinsonian syndrome commonly misdiagnosed as PD. The progression of the disease is much faster, and the impairment of gait and balance is more dramatic, than in PD. We believe that the demand for rehabilitation in this population will increase; however, there is no evidence in the literature to guide clinical practice. More research is necessary to answer basic questions regarding the effectiveness of rehabilitation for patients with PSP.
